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© Apparatus for treating liquid to prevent and/or remove scale deposits. 



© Apparatus for treating liquid to prevent and/or 
remove scale deposits, made up of at least one 
solenoid-type electrical coil (5) for generating a mag- 
netic fieid for acting on the liquid to be treated and 
an electrical energizing unit (2) having at least one 
signal output (3, 4) for connecting the ends of the at 
least one coil (5). The energizing unit (2) is provided 
with means for generating an energizing signal to be 
varied in frequency. The at least one coil (5) can 
also be sited alongside a pipe (1) instead of around 
a oipe (1). if necessary together with the energizing 
unit (2) in one and the same housing. To vary the 
magnetic fieid generated as a function of the flow 
rate of the liquid to be treated, the energizing unit is 
provided with a control input (6, 7) for connecting a 
flow rate transducer C3). 
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Apparatus for treating liquid to prevent and/or remove scale deposits 



The present invention rentes :c an accaratus 
for treating liquid :o prevent ana or ^errcve scaie 
ceposits, comprising at 'east one solenoia-type 
electrical coil for generating a magnetic ; :eia for 
acting on the ;icu;c to be treated, and an eiectricai 
energizing unit having at east one signal output fcr 
■rznnecting the ends ci re at 'east one coil to 
enc-rqize the same w'^ ?r • " ^t-'oa. ene" 7 ^ c 
signal. 

An apparatus of this ;,ce is known, inter ana, 
from the US Patent Specification 2,596,743. 

Even the presence o: a small percentage cf 
impurities such as icns of calcium and magnesium 
in a liquid, for example water, gives rise tc the 
formation of sc3ie gr . c.u.t.i; l.js ;c:citate. C.i.- 
cium sulphate, calcium silicate and magnesium Sili- 
cate form scale because, as the .iquid :n whicn 
they occur evaporates, the ccncentraticn of these 
salts increases and approaches the saturation point 
at which the salts crystallize out and attacn them- 
selves to a wall. Calcium carbonate, for example, 
forms a very soft scaie or sometimes, a precipitate. 
The most persistent form of scale is calcium sul- 
phate which adheres tc the metal wails of pices, 
boiiers etc. so strongly that the latter have to be 
put out of use in order tc remove the scaie. 

The occurrence of scale in, for example, steam 
boiiers results in a reduced heat transmission and 
therefore in a higher fuei usage, in adciticn to the 
possibility of pipe blocKace. Even a layer of scale 
of approx. 0.2 mm can give nse to local over- 
heating and damage the boiiers. 

The sasd ions of calcium and magnesium and 
any manganese, iron and aluminium impurities are 
also very detrimental to domestic usage because 
they react with soap as a result of the formation of 
calcium, magnesium, iron and aluminium salts 
which are insoluble and form a sticky substance on 
materials which are being washed in water which 
contains these impurities. 

As is known, a moving charge in a magnetic 
field experiences a Lorentz force which depends on 
the applied magnetic fieid strength, the quantity of 
charge, the displacement velocity of the charge 
and the direction of the magnetic field lines with 
respect to the displacement direction of the charge. 
If the liquid contaminated with the said elements is 
now subjected to a magnetic field, the liquid mol- 
ecules, for example water molecules, are oriented, 
as a result of which the said impurities, in particular 
the ions of calcium and magnesium, come out of 
solution and can be traoped, for example, by 
means of a filter to be placed in the 'iquid flow, 
with the resuit that no scale is consequently 
formed. The known aooaratus provides for a 
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sclenad-type eectncal ceil through the mtema: 
scace of which, inter alia, the ! ; cuic to ce treated s 
passed and which is energizeo .vith a direct cur- 
rent, an alternating current of f ; xec frequency or a 
pulsating current. 

Eurcpean Patent Application EP-A-0.091 .396 
cisclcses, m :h:s connection, a tubular ring througn 
wrich the icui- s passed : n :rder tc crive t 
continuous.'/ ;ntc sucn a turbulent state m the re- 
g:cn of tre ccii that it is ocssible "or an energizing 
ourrent with a fixed adjustment tc be adequate. 

!n common with US-A-2,596.743, this involves, 
nowever, a structure which has to ce inccrcorated 
; n a oipe of a system, which may cresent installa- 
tion p-ocieros enq ce expensive, oartlcu ; ar , .n the 
case of existing oipe systems or when -eciacing 
the aoparatus. and fcr which it may be necessary 
to put the system cut of operation. !n oract;ce it 
has furthermore been found that the efficient opera- 
tion of the known acparatuses is concomitantly 
dependent on the flow rate cf the iqu;q to ce 
treated. 

The invention is consequently cased m the first 
instance on the object of oroviding an aooaratus of 
the type mentioned in the Introduction wttr .vnich a 
satisfactory, efficient operation over a desirea 
range of flow rates of the liquid to oe treated is 
achieved without the necessity of structures which 
have to be Incorporated in a pipe througn which 
the iiquia flows. 

According to the invention, this is achieved in 
that the energizing unit is provided with means for 
generating an energizing signal to be varied in 
f requency. As a resuit of this, it is possible, if the 
flow rate increases, to increase the frequency of 
the energizing signal so that at higher flew rates a 
magnetic action can be exerted on the iquid cor- 
respondingly more frequently per unit of time, and 
vice versa. It nas been found that in this case the 
coil for generating the magnetic field for achieving 
a desired action can be fitted outside an existing 
pipe through which the liquid to be treated is 
flowing without said pipe having to be discon- 
nected. 

A further embodiment of the apparatus accord- 
ing to the invention has the characteristic that the 
energizing unit is provided with means for 
frequency-modulating the energizing signal. Such a 
frequency-modulated energizing signal provides a 
magnetic field which produces an average effect 
which is satisfactory with time for various flow 
rates. 

An embodiment of the invention which can be 
used for a large range of flow rates has the char- 
acteristic that the means for frequency-modulating 
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the energizing signal are equ^^l to generate a 
signal varying in frequency between approximately 
700 and 3000 Hz. 

An embodiment of the invention suitable for 
obtaining more optimum results has the character- g 
istic that at least one transducer for connection to a 
control input of the energizing unit is provided to 
generate a control signal dependent on the flow 
rate of the liquid in order to vary the frequency of 
the energizing signal to match the variation m the jo 
flow rate. 

It has furthermore been found that, in order to 
exert a Lorentz force of suitable magnitude on the 
moving charges with the magnetic field, the mag- 
netic field has to become stronger with decreasing ts 
liquid flow rate, and conversely, that the magnetic 
field has to decrease as the flow rate increases, in 
the known apparatus as disclosed by the said US 
Patent which operates with a predetermined fixed 
magnetic field strength, it may even happen that, if 20 
the liquid velocity drops below a certain minimum 
value, the useful effect is zero, with all the disad- 
vantageous consequences thereof. To make the 
magnetic field so strong that a good effect is in fact 
obtained at such low flow rates is not advantageous 25 
because it has been found that at higher flow rates 
the Lorentz force on the moving charges is then 
proportionately too large, as a result of which the 
useful effect is again less. 

The strength of the magnetic field generated is 30 
determined not only by the number of windings 
and the dimensions of the electrical coil, but also 
by the amplitude of the energizing signal. In order 
to a/so achieve a magnetic field strength matched 
to the flow rate of the liquid, a further embodiment 35 
of the apparatus according to the invention has the 
characteristic that the energizing unit is provided 
with means for varying the amplitude of the en- 
ergizing signal. 

An automatic matching of the amplitude of the -jo 
energizing signal to the flow rate of the liquid is 
achieved in yet a further embodiment of the ap- 
paratus according to the invention in that at least 
one transducer for connection to a control input of 
the energizing unit is provided to generate a con- 45 
trol signal dependent on the flow rate of the liquid 
in order to vary the amplitude of the energizing 
signal inversely to the variation in the flow rate. 
This embodiment has the advantage that, during 
operation by a user, set values do not have to be 50 
adjusted to a change in the flow rate of the liquid. 

A flowmeter incorporated in the liquid flow can 
be used as transducer. However, the preference is 
for transducers which can be fitted outside a pipe 
or system without structural adaptations thereof. 55 
Transducers suitable for this ourpcse are in prac- 
tice known per se. For example, transducers induc- 
tively cr thermally coupled to :he liquid flow. 



A stiil more^^^ium effect is obtained in yet a 
further embodiment of the invention in that the 
means for varying the amplitude of the energizing 
signal are equipped to keep the product of am- 
plitude and flow rate constant within the modulation 
limits of the energizing unit. 

As already stated above, even a thin layer of 
scale can give rise to damage to. for example, 
boilers as a result of reduction in the heat transmis- 
sion. In the case of boilers for, for example, gen- 
erating electricity, such damage can give rise to 
the shutdown of the electricity production, which 
may in practice have very extensive, disadvanta- 
geous consequences. In particular, in these ap- 
plications it is important that the operation of the 
apparatus according to the invention can be mon- 
itored. 

For this purpose, an embodiment of the inven- 
tion has the characteristic that the energizing unit is 
provided with means for indicating the state of 
energization of the apparatus. Yet a further embodi- 
ment also has the characteristic for this purpose 
that the energizing unit is provided with warning 
means for indicating that the apparatus is in the 
unenergized state. 

In order to guarantee the operation of the ap- 
paratus in the event of a fault in the power supply 
or in order to achieve an operation independent of 
an external power source, which may, for example, 
be necessary m places where, for example, con- 
nection to the public electricity mains is not possi- 
ble, an embodiment of the apparatus according to 
the invention has the characteristic that the en- 
ergizing unit is provided with its own power source. 
For this purpose, use may be made of batteries, 
rechargeable batteries, solar cells and the like. For 
the purpose of illustration, in apparatuses used in 
practice, desired results are obtained with an en- 
ergizing current of a few tenths of a microampere 
with a coil of only a few windings. 

The treatment of the liquid with the apparatus 
according to the invention is intensified in yet a 
further embodiment in that the at least one coil is 
made up of a plurality of coils situated at a dis- 
tance from one another m the flow direction of the 
liquid to be treated, which cods are connected to 
the energizing unit in order to generate mutually 
oppositely directed magnetic fields by means of at 
least two coils. 

The use of mutually oppositely directed mag- 
netic fields achieves the result that, at the plane of 
separation of the two fields, the magnetic field lines 
are directed virtually transversely to the iiquid flow 
and, as a consequence, a maximum Lorentz force 
acts on the iiquid molecules. 

it is pointed out that the Belgian Patent Speci- 
fication 901.884 discloses an apparatus for prevent- 
ing scale deposits in which at least one coil is used 
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which has to be fitted round a pipe containing 
liquid to be treated. However, this involves a so- 
calied "open system" in which only ere end of the 
at least one coil is corrected to an energizing unit, 
the ether era or the coil being free. This ; s .n 
contrast to the apparatus according to the invention 
m which both ends of tne at least one coil are 
connected to the energizing unit. Furthermore, a 
frequency-modulated energizing signal is not used. 

It has been ^ound in cractice that such an open 
system is disadvantageous in a number of aspects. 
Firstly, the physica. distance between the energiz- 
ing unit and the cc;i nas to be short in order to 
achieve an adequate effect over the entire length of 
the coii. This can be troublesome during, installa- 
tion. In addition, the coii forms an open LC circuit 
with rescect to eartn. as a result of which the 
current exhibits a peak r the coil and then rapidly 
dies out in tne case cf a pu, sating energizing 
signal. The decay of the current in this manner 
causes interference signals far up into the high- 
frequency range, as a result of which interference 
m other electronic equipment, such as, for exam- 
pie, measuring and regulating apparatus, and radio 
and TV receivers is not ruled out. in canicular, the 
possibie interference with measuring and regulating 
equipment may In practice have very detrimental 
consequences. Furthermore, there is no magnetic 
field present between the oeaks in the energizing 
current, with the result that the apparatus does not 
have any useful effect during these periods of time. 

These disadvantages are avoided as far as 
possible with the apparatus according to the inven- 
tion which is constructed as a aosed system, that 
is to say, in whicn the two ends of the at ieast one 
electrical coii are connected to the energizing unit. 

In contrast to the disclosures by, inter alia, the 
already mentioned publications, it has been found 
that the at least one coil for generating a magnetic 
field for acting on the liquid to be treated does not 
necessarily have to encompass said liquid or the 
pipe througn which the :iquid is flowing. 

Instead' of fitting the at least one coii around a 
pipe through whicn the liquid to be treated is 
flowing, an embodiment of the invention has the 
characteristic that the at !east one coil is provided 
with a protective sleeve for placing the at least one 
coii with its longitudinal axis as parallel as possible 
to a pipe through which the liquid to be treated is 
flowing. 

In addition to a relatively simple installation, 
this also reduces the risk of a metallic pipe being 
attacked as a consequence of galvanic action in 
the event of damage to the insulation of the coil. 
The use cf two coils to be mounted on top of one 
another around a pipe, of which coils the coil 
resting directly against the pipe is held at a nega- 
tive potential with rescect to the pipe (earth) by 
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means of rectifying'means, is disclosed in the 
International Patent Application WO-A-8,805,763 
with the same purpose, it w ; il be ciear that this 
method is both mere cumbersome ar.c also ;ess 
i -eliable than pro 1 , zing tne at ieast ere coii acocrc- 
ng :c the invention w,m a protective s.eeve arc 
siting it adjacent to the pipe. 

The useful effect cf tne cod is barely ess if : t is 
sited aiongsice a p'pe instead of tne oice being 
:o enccmpassed by the ccii because the greatest 
effect -Lorentz force/ :s prcducec by the magnetic 
fieic ires cirecteo t-ansverseiy tc the 'iquic now. :n 
this case the pice thrcugh wh-ch tne iquid is 
flowing, whicn erect is in bcth cases virtually the 
:5 same. In some cases, even a better erect may ce 
expected as a resu.t of a mere favouracie e id 
distribution if the at ieast one ccii is sited aiorcside 
a pice. 

An apparatus casec on this realization *or *reat- 
20 :ng a liquid to prevent and/or remove scale depos- 
its, comprising at 'east one scienoid-type e.ecincai 
coil for generating a magnetic field fcr acting on 
the ilquid to be treated and an electrical energizing 
unit having at least one signal outcut for connecting 
25 the ends of tne at east one con to energize the 
same with an eiectncal energizing signai nas the 
characteristic that the at least one coil anc the 
energizing unit are accommodated in one and me 
same n ousing. 

30 The accommodation, according to the r-ven- 

tion. of the energizing unit anc the at 'east one coil 
in one housing eliminates the necessity for the 
separate nsta:!at;on of a coil and energizing unit. 
Particularly when usee in environments in which 

35 the strictest requirements with respect tc the -iquic 
to be treated do not apply, but where the most 
important thing is ,n fact convenience of use anc 
installation, for example for domestic use, such an 
apparatus is of advantage, in particular, in ccm- 

40 bmaticn with ; ts own power supply sucn as a 
battery. 

The effect of the coil may. according to another 
embodiment, be increased in that the at least one 
coil is wound on a core of magnetic material, for 
45 example, a core of magnetically "soft" material 
such as soft iron or of ferrite in connection with the 
lower eddy-current losses thereof at higher fre- 
quencies. 

Means are furthermore proviced for placing the 
so housing in the longitudinal direction of a pipe in a 
manner such that the longitudinal axis of the at 
least one solenoid-type coii is situated as parallel 
as possibie to the liquid flow. The means may be 
equioped. in carticuiar, for fixing the housing to a 
55 oipe. 

The invention also relates to an energizing unit 
which can be used in combination with a coil 
and or a transducer 'or the flew rate of the liquid to 
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be treated. 

The invention is described in more detail below 
with reference to an exemplary embodiment and 
the drawing, wherein: 

Figure 1 shows diagrammatically :he siting 
and connection of an energizing unit to a single coil 
ana transducer, 

Figure 2shows, m block diagram form, a 
possible electrical embodiment cf the energizing 
unit according to the invention, 

Figure 3illustrates graphically the relationship 
between the amplitude cf the energizing signal of 
the coil and the flow rate of the iiquid to be treated, 

Figure 4shows diagrammatically the stting 
and connection of two coils, and 

F ; gure Sshows diagrammatically the siting of 
an apparatus in which the coil and the energizing 
unit are accommodated in the same housing. 

Figure 1 shows an application of the apparatus 
according to the invention in which the liquid to be 
treated, for example water, flows through a pipe 1. 
A solencid-type coil 5 of insulated electrically con- 
ducting wire wound externally around the pipe 1 is 
fitted on the signal output terminals 3, 4 cf an 
energizing unit 2. Connected to the control signal 
input terminals 6, 7 of the energizing unit 2 is a 
transducer 8 which generates a control signal de- 
pendent on the flow rate of the liquid m the pipe 1. 
The energizing unit 2 is furthermore oroviaed with 
an indicator lamp 9 which lights up provided an 
energizing current is flowing through the coil 5. 

Figure 2 shows, in biock diagram form, a pos- 
sible embodiment of the energizing unit 2. The 
central section is formed by a voitage controlled 
oscillator 10 which is known per se and is referred 
to in the English-language specialist literature by 
the abbreviation VCO ("voltage controlled oscilla- 
tor"), to the output of which a driver stage 1 1 is 
connected which has the signal output terminals 3, 
4 for connecting the electrical coii 5- The frequency 
of the VCO 10 is controlled with the aid of a 
sawtooth generator 12. It has been found that a 
desired useful effect can be achieved for virtually 
all the liquid flow rates encountered in practice with 
an energizing signal varying steadily in frequency 
between 700 and 3000 Hz. 

To vary the amplitude and, if necessary, the 
frequency of the alternating current signal gen- 
erated by the VCO 10, a control stage 13 is pro- 
vided which has the control signal connection ter- 
minals 6, 7 for supplying the control signal from the 
transducer 8. The transducer 8 may comprise a 
standard flowmeter whicn should be incorporated in 
the liquid flew or which can be fitted outside the 
pipe 1 and generates an output signal dependent 
on the flow rate. The control stage 13 processes 
such a signal in a manner such that, if the flow rate 
of the liquid increases, the amplitude of the output 




signal of the Vfc^^O or the driver stage 11 is 
reduced. If the flow rate decreases, the output 
signai of the VCO or the driver stage is increased 
in amplitude. 

5 The broken connecting line between the control 

stage 13 and the sawtooth generator 12 indicates 
that, if necessary, the frequency of the VCO 10 
may also be controlled as a function of the flow 
rate. In this case, an adjustable voltage source 

w could also be used instead of a sawtooth generator. 

It is evident that the driver stage 11 can be 
provided with a plurality of signal outputs for con- 
necting a plurality of coils 5. A iight-emitting diode 
LED 9 which iights up during the time that a 

re current flows via the signal output connecting ter- 
minals 3, 4 is furthermore connected to the driver 
stage 11. In addition to this optical indicating 
means, an acoustic signal provider 14 is also con- 
nected to the dr:ve r stage 11 and this only emits a 

20 signal if no current is flowing through tne signal 
output connecting terminals 3, 4 during operation, 
for example, as a consequence of an open circuit 
m the coii 5. It is emphatically pointed out that the 
LED 9 and the signal provider 14 can be fitted 

25 optionally and if necessary, may also be replaced 
oy other means, for example for indicating the 
operation of the apparatus in a control room, if 
necessary radiographically. The control stage 13 
for varying the amplitude of the outout signal of the 

30 VCO 10 or the driver stage 1 1 is also optional. 

It has been found that excellent operation is 
obtained if the driver stage 11 delivers a square- 
wave alternating current signal. 

The energizing unit is provided with the neces- 

35 sary electrical power with the aid of a supply unit 
15. The supply unit 15 is constructed in a manner 
such that the energizing unit is adle to function 
either connected to the electricity mains or in- 
dependently, for example by means of, inter alia, a 

■40 rechargeable battery, batteries or solar cells. Al- 
though not shown, the driver stage 11. the 
sawtooth generator 12 and the control stage 13 
may be provided, if necessary, with means for 
presetting the desired values of the parameters and 

45 may be constructed as a single integrated circuit. 

The circuit shown in block diagram form can 
be constructed with components obtainable com- 
mercially. 

Figure 3 shows graphically the preferred van- 
so ation of the level of the energizing current i through 
the coii 5 as a function of the flow rate v of the 
liquid to be treated. The current level is at the 
same time limited between a maximum limiting 
vaiue h and a minimum limiting value \i. Between 
55 these modulation limits i- , i?, the product of the 
flow rate and the current level v.: is constant in 
order to achieve an optimum effect. Because of the 
illustrated nature of the Figure, no specific values 
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or units are specified. 

It will be clear that, instead of a voltage con- 
trolled oscillator, other electronic circuits known per 
se for obtaining a frequency-mediated alternating 
current signal can also ice used. 

Figure 4 shows diagrammaticaiiy a manner in 
which two or more coils 5, 16 can be used to treat 
a liquid in a otce 1 according to the invention. In 
the situation shown, the coils are connectec in 
series tc the signal output connecting terminals 3, 
4 of the energizing unit 2. As a resut of the 
opposite winding direction, oppositely directed 
magnetic fields are generated, a few fieid :ines of 
which are aiagrammaticaily shewn by chain lines. It 
can be clearly seen that, in the vicinity of the 
imaginary plane of separation 5 indicated by the 
broken ; ine, the field lines of the two fields are 
directed more transversely to the cioe 1 tnan, for 
example, at the ends of the cois 5 and 16 facing 
away from the plane of separation S. Consequent- 
ly, the liquid molecules are on average subjected 
to a greater Lcrentz force effect in the vicinity of 
the plane of separation. 

It will be clear to the person skilled in the art 
that coiis having the same winding cirecticn may 
also be used, in the case of a series connection cf 
two coils, the end, situated for exam pie down- 
stream in the flow direction cf the liquid to ee 
treated, cf one coil being connected to the ena, 
situatec downstream, of the adjacent otner coil and 
both enos situated upstream being connected to 
the signal output terminals 3, 4 of the energizing 
unit 2. Obviously, the coiis can also oe connected 
appropriately in parallel to the signal output termi- 
nals 3, 4, The possibilities also include comoina- 
tions of parallel and series connection. Series con- 
nection has the advantage that the coils can be 
manufactured jointly from one piece of electrically 
conducting wire without welding and the like. A 
mutual spacing of the coils of up to a few de- 
cimetres is found in practice to be quite satisfac- 
tory. 

Figure 5 shows diagrammaticaiiy a housing 17 
in which an energizing unit 18, arbitrarily selected 
per se, and a solenoid-type coil 19 are accom- 
modated as a single entity. Preferably, the energiz- 
ing unit 13 is constructed in accordance with Fig- 
ures 2 and 3 and as discussed above. To intensify 
the magnetic field generated by the coil 19, the 
latter can be wound on a core 20 of magnetic 
material such as soft iron or magnetically soft fer- 
rite, as is illustrated by the broken lines. 

The housing 17 is furthermore provided with 
means (not shown) for siting the coil 19 with its 
longitudinal axis parallel to the pipe 1, such as. for 
examole, suspension eyes, holes or fixing means 
situated in a wall cf the housing. Preferaoty, the 
housing 18 is provided with pipe clips, a self- 
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locking ring or th^^^e for fixing the housing 18 
directly on the pipe 1 . 

It will ce ciear that the ceils shown in Figures 1 
and 4 may also be fitted alongside, for example in 

5 their cwn protective sieeve. nstead of around the 
pipe, as shown. In addition to a simpler installation, 
this reduces the risk of corrosion as a result of 
galvanic action between the metal of the coii. for 
example copper, and a pipe of, for example, cast 

io iron in the event cf damage to the insulation of the 
wire cf the ceil. Obviously, the coil must not per se 
come into contact with the pice. 

The particles iiberatea from solution, :n particu- 
lar, lime particles may n general be effectively 

15 trapped in the pipe 1 by incorporating one or mere 
fine-mesh (mesn size a few microns) reoiaceacle 
Gr cleanable liquid niters in the pipe 1 viewed in 
the downstream direction behind the coil 5 and or 
the coil 16. 

20 Many variations and additions may furthermore 

be made by a person skilled in the art to tne 
apparatus according to the invention without de- 
parting from the scope and idea thereof. 

25 

Claims 

\ . Apparatus 'or treating liquid to prevent 
and or remove scaie deposits, comprising at least 

3C cne solenoid-type electrical coil for generating a 
magnetic field for acting on the liquio to be treated 
and an electrical energizing unit having at least one 
signal cutout for connecting the ends of the at least 
one coil to energize the same with an efectnea; 

35 energizing signal, characterized in that the energiz- 
ing unit is provided with means for generating an 
energizing signal to be varied in frequency. 

2. Apparatus accorcing to Claim 1. character- 
ized n that the energizing unit is provided with 

-o means for frequency-modulating the energizing sig- 
nal. 

3. Apparatus according to Claim 2, character- 
ized in that the means for frequency-modulating 
the energizing signal are equipped to generate a 

45 signal varying in frequency between apprcx. 700 
and 3000 Hz. 

4. Apparatus according to Claim 1 or 2. char- 
acterized in that at least cne transducer for connec- 
tion to a control input of the energizing unit is 

50 provided to generate a contrci signal dependent on 
the flow rate of the liquid in order to vary the 
frequency of the energizing signal to match the 
variation in flow rate. 

5. Apparatus according to Claim 1. 2. 3 or 4. 
55 characterized in that the energizing unit -s provided 

with means for varying the amplitude cf the en- 
ergizing signal. 

6. Apparatus according to Claim 5, character- 
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ized in that at least one trans^p^r for connection 
to a control input of the energizing unit is provided 
to generate a control signal dependent on the flow 
rate of the liquid in order to vary the amplitude of 
the energizing signal inversely to the variation in 5 
the flow rate. 

7. Apparatus according to Claim 6, character- 
ized in that the means for varying the amplitude of 
the energizing signal are equipped to keep the 
product of amplitude and flow rate constant within w 
the modulation limits of the energizing unit. 

3. Apparatus according to Claim 4 or 6, char- 
acterized m that the transducer is a flowmeter to be 
incorporated in the liquid flow. 

9. Apparatus according to Claim 4 or 6, char- ?s 
acterized in that the transducer is a flowmeter to be 
fitted outside the liquid flow. 

10. Apparatus according to one or more of the 
preceding Claims, characterized in that the energiz- 
ing unit is provided with means for indicating the 20 
state of energization of the apparatus. 

11. Apparatus according to one or more of the 
preceding Claims, characterized in that the energiz- 
ing unit is provided with warning means for indicat- 
ing that the apparatus is m the unenergized state. 25 

12. Apparatus according to one or more of the 
preceding Claims, characterized in that the energiz- 
ing unit is provided with its own power source. 

13. Apparatus according to one or more of the 
preceding Claims, characterized in that the energiz- 30 
ing unit is provided with means for generating a 
square-wave energizing signal. 

14. Apparatus according to one or more of the 
preceding Claims, characterized in that the at least 

one coil is made up of a plurality of coils situated 35 
at a distance from one another in the flow airection 
of the liquid to be treated, which co:is are con- 
nected to the energizing unit in order to generate 
mutually oppositely directed magnetic fields by 
means of at least two cotis. -to 

15. Apparatus according to one or more of the 
preceding Claims, characterized in that the at least 
one coii is provided with a protective sleeve for 
placing the at least one coil with its longitudinal 

axis as parallel as possible to a pipe through which 45 
liquid to be treated is flowing. 

16. Energizing unit according to one or more of 
the preceding Claims, suitable for use in an ap- 
paratus for treating liquid for preventing and/or re- 
moving scale deposits. so 

17. Apparatus for treating liquid to prevent 
and/or remove scale deposits, comprising at least 
one solenoid-type electrical coil for generating a 
magnetic field for acting on the liquid to be treated 

and an electrical energizing unit having at least one 55 
signal output for connecting the ends of the at least 
one coil to energize the same with an electrical 
energizing signal, characterized in that the at least 



one coil and the^Wrgizing unit are accommodated 
in one and the same housing. 

18. Apparatus according to Claim 17, char- 
acterized in that the at least one coil is wound on a 
core of magnetic material. 

19. Apoaratus accorcing to Cairn 17 or 18, 
characterized in that the housing 13 provided with 
fixing means for placing it in the vicinity of a pipe 
through which liquid to be treated 13 flowing, in a 
manner such that the at least one solenoid-type 
coi) is situated with its longitudinal axis as parallel 
as possible to the pipe. 

20. Apparatus according to Claim 19, char- 
acterized in that the fixing means are equipped for 
fixing the housing to the pipe. 
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© Apparatus for treating liquid to prevent and/or remove scale deposits. 



© Apparatus for treating liquid to prevent and/or 
remove scale deposits, made up of at !east one 
solenoid-type electrical coil (5) for generating a mag- 
netic field for acting on the liquid to be treated and 
an electrical energizing unit (2) having at (east one 
signal output (3, 4) for connecting the ends of the at 
'east one coil (5). The energizing unit (2) is provided 
with means for generating an energising signal to be 
varied in frequency. The at least one coil (5) can 
also be sited alongside a pipe (1) instead of around 
a pipe (1), if necessary together with the energizing 
unit (2) in one and the same housing. To vary the 
magnetic field generated as a function of the flow 
rate of the liquid !o be treated, the energizing unit is 
provided with a control input (6, 7) for connecting a 
52 flow rate transducer (8). 
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